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"TESTING METALS AND ALLOYS FOR USE I N  OXYGEN SYSTEMS" 
t !  

* 
INTRODUCTION 

Oxygen i s  a l l  around us. It i s  i n  the a i r  we breathe. I t i s  a 
A n e a r l y  every th ing  t h a t  we come i n t o  contact  w i t h  i n  our d a i l y  lives-. t$ 

And even though i t  i s  c r i t i c a l  t o  our very existence, there  are  hazards 

associated w i t h  oxygen t h a t  we a r e  often unaware of .  Oxygen i s  requ i red  

for combustion. When oxygen i s  present i n  h igh concentrat ion o r  h igh 

quant i t y ,  as i n  an oxygen system, then the l i k e l i h o o d  of a f i r e  s t a r t i n g  

and t h e  i n t e n s i t y  of the  f i r e  is increased. Many m a t e r i a l s  t h a t  a r e  n o t  

considered t o  be flammable i n  a i r  can i g n i t e  and burn v igorous ly  i n  

oxygen. For example, s t a i n l e s s  steel ,  which i s  very d i f f i c u l t  t o  burn 

i n  a i r ,  w i l l  burn v igorous ly  when i g n i t e d  i n  a 1000-psi oxygen . 

< arc 

environment r1-I. Furthermore, a t i tan ium a l l o y  (Ti-6A1-4V), t h a t  i s  a lso  

very d i f f i c u l t  t o  burn i n  air,wi11 burn r e a d i l y  i n  an 8 p s i a  100% oxygen 
environment (See F igure 1)  Vi. The hazards invo lved w i t h  the  use o f  

oxygen are increased when the system i s  operated a t  h igh  temperatures. 

I g n i t i o n  becomes more l i k e l y  s ince the mater ia ls  i n  the  system are  a t  

e levated temperatures. 

e 
e 

- 
Advancing technology i s  c rea t ing  a demand f o r  h igher  oxygen-use 

temperatures and pressures. NASA i s  i n v e s t i g a t i n g  the use of p ropu ls ion  

systems f o r  a new generat ion of space-based o r b i t a l  t r a n s f e r  veh ic les  

(OTVs) t h a t  w i l l  use l i q u i d  hydrogen (LH2) and l i q u i d  oxygen (LO2)  as 

prope l lan ts .  A new design concept f o r  the Lt',/LOp engines invo lves  the 

use o f  caseous oxygen a t  500°F and 5000 p s i  t o  d r i v e  the t u r b i n e  i n  the 

LO2 turbopump. Tndust r ia l  Gas suppl iers are p lanning t o  increase the 

oxygen-use temperatures and pressures such as these cause concern fo r  

engineers because they increase the r i s k  of and damage caused by f i r e .  

L 
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standard oxygen c y l i n d e r  pressure from 2200 p s i  t o  6000 p s i .  Higher t: 
c 

F i r e s  i n  oxygen systems are  genera l ly  catast rophic ,  causing damage t o  

equipment and a t h r e a t  t o  l i f e .  Such a f i r e  occurred i n  A p r i l  1980, 

when a Space S h u t t l e  ex t raveh icu la r  m o b i l i t y  u n i t  (spacesui t  and 

/hASA-C8-181032) T E S I I N G  E E I A L S  A N D  ALLCYS N87-7 0434 
F C R  GSE IN O X Y G E N  SYSIIEES (Lcckbeed 
r a q i n e e r i s g  and Planaqsnent Services Co.) 13 
F A v a i l :  831s U n c l a s  

0 0 / 2 6  0079428 



l i f e - s u p p o r t  system) was destroyed i n  a f l ash  f i r e  dur ing  a func t iona l  

t e s t  i n  t h e  Johnson Space Center (JSC) Crew Systems Laboratory  (See 

Figure’ 2). A t echn ic ian  standing nex t  t o  the  u n i t  received 

second-degree burns over h i s  upper body i n  the  accident. A board o f  

i n v e s t i g a t i o n  determined t h a t  the f i r e  most l i k e l y  s t a r t e d  i n  an 

alumtinumybodied r e g u l a t o r  i n  the  oxygen system of the  s u i t .  

I n  another f i r e ,  a p ressure- re l ie f  va lve  made of s t a i n l e s s  s t e e l  was 

destroyed a t  the  NASA JSC White Sands Test F a c i l i t y  (WSTF) i n  October 

1973 (F igure  3) . The f i r e ,  which s t a r t e d  i n  the  va lve wh i l e  i t  was 

opera t ing  a t  9640 ps i ,  destroyed the va lve and damaged several o ther  

components i n  the  oxygen system. I n  January 1961, an oxygen p l a n t  i n  

Dortmund, Germany exploded, k i l l i n g  15 persons and causing considerable 

damage t o  the  p l a n t  and the surrounding bu i l d ings .  The explos ion was 

a t t r i b u t e d  t o  an oxygen leak. Because such f i r e s  are d e s t r u c t i v e  and 

cos t l y ,  those ma te r ia l s  l e a s t  l i k e l y  t o  i g n i t e  and burn i n  oxygen must 

be determined so t h a t  safer systems can be designed. Engineers who 

design these new oxygen systems must c a r e f u l l y  t e s t  and s e l e c t  the  

ma te r ia l s  t o  be used i n  *se-systemsc;’ 
<: i:. ~. 

Although severa l  t e s t  methods e x i s t  t h a t  can be used t o  determine the 

s u s c e p t a b i l i t y  t o  i g n i t i o n  o f  nonmetal l ic ma te r ia l s  r31, . u n t i l  r e c e n t l y  

no methods ex i s ted  t h a t  could be used t o  determine the s u s c e p t i b i l i t y  t o  

i g n i t i o n  and burn ing  o f  metals and a l l o y s  i n  oxygen. T e s t  systems were 

needed t h a t  cou ld  be used both t o  obta in  engineer ing data and t o  perform 

basic  research concerning the  i g n i t i o n  and burn ing c h a r a c t e r i s t i c s  o f  

metals and a l l o y s  t h a t  could he used sa fe ly  i n  oxygen systems. 

* k --‘LI 

A t  t h e  NASA JSC White Sands Test F a c i l i t y  i n  New Pexico, LEMSCC i s  

working t o  develop several t e s t  systems t h a t  can be used t o  evaluate 

metals and a l l o y s  f o r  use i n  oxygen systems. Two of the  t e s t  systems 

s imu la te  i g n i t i o n  sources t h a t  have been known t o  cause f i r e s  i n  oxygen 

systems: f r i c t i o n a l  heat ing  and p a r t i c l e  impact. Two others s imulate 

cond i t i ons  t h a t  occur i n  oxygen systems once a f i r e  has been s ta r ted :  

flanie propagation i n  s t a t i c  and f low ing  oxygen. 
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FRICTIONAL HEATING TEST SYSTEM 

When mechanical components of a piece of equipment rub together, heat i s  

generated. If rubbing occurs i n  a system where oxygen i s  present i n  

h igh  quan t i t i es ,  even metals and a l l o y s  can be caused t o  i g n i t e  and 

has been the  cause of many f i r e s .  
burn. The heat generated by f r i c t i o n  i n  oxygen systems < 

The f r i c t i o n a l  heat ing  t e s t  system (F igure  4) has been developed t o  

determine whether metals and a l l o y s  w i l l  i g n i t e  when t h e i r  surfaces are 

rubbed together  i n  oxygen. Two hollow, c y l i n d r i c a l  t e s t  samples made of 

l i k e  o r  u n l i k e  ma te r ia l s  are i n s t a l l e d  i n  the  chamber. @ne of the 

samples i s  f i xed  t o  the  t e s t  chamber and i s  s ta t ionary .  The other  

sample i s  f i xed  t o  a r o t a t i n g  shaft.  The shaf t ,  which extends through 

the chamber, i s  connected on one end t o  a d r i v e  motor/transmission 

assembly capable of t u r n i n g  the r o t a r y  t e s t  sample a t  surface speeds 

ranging from 1 t o  47 m/s (4  t o  158 f t / s ) .  The o ther  end of the shaf t  i s  

connected t o  an a i r  c y l i n d e r  t h a t  provides a x i a l  movement t o  the  shaf t  

and can be used t o  apply a normal f o rce  t o  the t e s t  samples o f  up t o  

4,400 (1000 l b f ) .  The chamber can be pressur ized t o  69 MPa (10,000 p s i )  

w i t h  oxygen. The system i s  instrumented t o  measure the r o t a t i o n a l  speed 

o f  t he  samples, the load app l ied  t o  t he  samples, sample wear, torque, 

temperature and chmber pressure, and emission o f  l i g h t  from the  

samples. I g n i t i o n  and* subsequent burn ing  of the  t e s t  samples i s  

determined by pressure and temperature changes, emission of l i g h t ,  and 

p o s t t e s t  examination of the  t e s t  samples. 

FI 

A 

To determine the s u s c e p t i b i l i t y  t o  i g n i t i o n  of a metal o r  a l l o y ,  the 

samples a r e  i n s t a l l e d  i n  the chamber, t he  t e s t  pressure and the  surface 

speed o f  the  r o t a r y  sample are establ ished, and the normal force i s  

s t e a d i l y  increased u n t i l  i g n i t i o n  occurs. The normal force per u n i t  

a r e a  (N/m2! a t  which the i a n i t i o n  occurs i s  m u l t i p l i e d  by the surface 

speed (m/s )  t o  g ive the power input  per  u n i t  area (W/m ) requ i red  t o  

i g n i t e  the m a t e r i a l  a t  the  t e s t  condi t ions.  
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LEMSCO engineers and s c i e n t i s t s  have used the  f r i c t i o n a l  heat ing t e s t  

system t o  determine the  r e l a t i v e  s u s c e p t i b i l i t y  t o  i a n i  t i o n  o f  several  

meta ls rand a l l o y s  used i n  oxygen systems (F igure 5 )  r41.  The a l l o y s  

toward the  top  o f  the l i s t  requi red a l a r g e r  power i npu t  per u n i t  area 

f o r  i g n i t i o n  and were more d i f f i c u l t  t o  i g n i t e  o r  had a greater  

res is tance t o  i g n i t i o n  than those a l l o y s  shown a t  t he  bottom of the 

l i s t .  I n  general, the  nickel-copper metals and a l l o y s  were shown t o  be 

more r e s i s t a n t  t o  i g n i t i o n  than those a l l o y s  conta in ing  l a rge  amounts of 

i r o n  and chromium. Also, metals and a l l o y s  t h a t  re lease smal ler  amounts 

o f  heat when they burn tended t o  be more r e s i s t a n t  t o  i g n i t i o n  than 

those t h a t  re lease la rge  amounts of heat. 

When t e s t  samples made o f  d i f f e r e n t  mater ia ls  were rubbed together i n  

oxygen, the  p a i r s  tended t o  i g n i t e  a t  the  power i n p u t  per u n i t  area 

requ i red  t o  i g n i t e  the metal or  a l l o y  less  r e s i s t a n t  t o  i g n i t i o n .  That 

i s ,  the  metals and a l l o y s  t h a t  were eas ier  t o  burn c o n t r o l l e d  the 

reac t ion ,  causing the metals and a l l o y s  t h a t  were harder t o  burn t o  

i g n i t e  sooner than expected. 

A ser ies  of t e s t s  was conducted t o  determine the ef fect  of oxyaen 

pressure on the power i n p u t  per u n i t  area requ i red  f o r  i g n i t i o n  of  Monel 

400,. s t a i n l e s s  s tee l  316, and carbon s tee l  1015. I n  every case, as the 

oxygen pressure was increased above 1.7 MPa (250 p s i ) ,  h igher  power 

input  was requ i red  t o  i g n i t e  the samples (F igure 6)  r 5 7 .  The fac t  t ha t  

these a l l o y s  were more d i f f i c u l t  t o  i g n i t e  a t  h igher  oxygen pressures 

runs counter t o  the popular view t h a t  h igher oxygen pressures cause the 

l i k e l i h o o d  o f  i g n i t i o n  t o  increase. While i t  i s  t r u e  t h a t  the  amount o f  

the ma te r ia l  t h a t  was consumed i n  these t e s t s  was greater  a t  h igher 

oxygen pressures, the f a c t  remains t h a t  they were more d i f f i c u l t  t o  

i g n i t e  a t  the  h igher  pressures than a t  the lower pressures. 

Does t h i s  i n d i c a t e  t h a t  when one i s  cons ider ing i g n i t i o n  by f r i c t i o n a l  

heat ing t h a t  a system opera t ing  a t  h igh  orygen pressure i s  a c t u a l l y  

"sa fer "  than a system operat ing a t  a lower oxygen pressure? This i s  the 

type o f  quest ion t h a t  can be answered by data obtained from the 

f r i c t i o n a l  heat in? t e s t e r .  

4 
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PARTICLE IMPACT TEST SYSTEMS 

What Happens when small  pieces of a aluminum, en t ra ined i n  a f lowing 

stream o f  heated oxygen impact t h e  seat of a f l o w  c o n t r o l  va lve? I n  the 
f a l l  o f  1982, LEMSCO engineers a t  WSTF performed a ser ies  of t e s t s  t o  

determine t h e  answer t o  t h i s  question r63. The pre- and p o s t t e s t  

photographs i n  F igure 7 show the  r e s u l t s  o f  one of these tests.,, As a 
r e s u l t  o f  these tes ts ,  t he  va lve was redesigned us ing  a l l o y s  t h a t  were 

more r e s i s t a n t  t o  i g n i t i o n  by p a r t i c l e  impact than those that had been 

p rev ious l y  used i n  the  valve. The new mate r ia l s  were chosen based on 

t e s t  r e s u l t s  obta ined us ing a p re l im ina ry  vers ion  o f  the  p a r t i c l e  impact 

t e s t e r s  now being developed a t  WSTF. 

' ly' ' u e \ v c  was c~c?le* C C ~  

Two t e s t e r s  a re  being developed t o  determine the  res is tance t o  i g n i t i o n  

o f  metals and a l l o y s  t h a t  a re  subject  t o  the  impact o f  p a r t i c l e s  i n  

heated oxygen f l o w i n g  a t  v a r i o u s  v e l o c i t i e s .  I n  the  h igh -ve loc i t y  o r  

supersonic p a r t i c l e  impact t e s t e r  (F igure 8), a s i n g l e  p a r t i c l e  i s  
i n j e c t e d  i n t o  a f lowing stream of heated oxygen. The oxygen and the 

p a r t i c l e  are accelerated t o  supersonic v e l o c i t i e s  as 

the  converging and d i ve rg ing  nozzle. The p a r t i c l e  

made o f  t he  t e s t  rnaTiria1 as the  oxygen flows around 

they pass through 

impacts a t a r g e t  

the  t a r g e t  and i s  
vented t o  the  atmosphere. 

P- 
\ !n the  l ow-ve loc i t y  or- subsonic p a r t i c l e  impact t e s t e r  (see' Figure 9\, 

up t o  5 Grams o f  p a r t i c l e  ma te r ia l  can be instantaneously  i n j e c t e d  i n t o  

the  f l o w i n g  oxygen stream. The p a r t i c l e  ma te r ia l  i s  en t ra ined i n  the 

oxygen and i s  c a r r i e d  through t h e  t e s t  chamber where i t  impacts a t a r g e t  

made from the  metal o r  a l l o y  being tested. The oxygen and p a r t i c l e  

m a t e r i a l  f l o w  through holes on the  per iphery of the t a r g e t  and, f i n a l l y ,  

a re  vented t o  the atmosphere through the  f l o w  c o n t r o l  o r i f i c e .  

The WSTF high-f low gaseous oxygen t e s t  f a c i l i t y  suppl ies heated oxygen 

t o  the  t e s t  chambers a t  7 t o  38 MFa (1000 t o  5500 p s i )  and ambient t o  

810 I! (1000 O F )  a t  f l o w  ra tes  up t o  2.3 kg/s ( 5  lbm/s). Temperatures o f  
t h e  t e s t  gas and the ta rge t ,  and t h e  pressure and the  mass f l o w  r a t e  of 
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the t e s t  gas are measured. The ve loc i t y  of the gas and the p a r t i c l e s  

are ca lcu lated from t h i s  information. An i g n i t i o n  i n  both of the 

t e s t e m  i s  detected v i s u a l l y  and confirmed by post test  examination o f  

the target .  

By comparing the t e s t  sample temperature below which a mater ia l  w i l l  not 

i g n i t e ,  LEMSCO engineers have been able t o  rank metals and a l l oys  for  

t h e i r  s u s c e p t i b i l i t y  t o  i g n i t i o n  r71. Figure 10 depicts the r e s u l t s  of 

t e s t s  i n  which aluminum p a r t i c l e s  1600 microns i n  diameter and t r a v e l i n g  

a t  supersonic v e l o c i t y  were impacted against targets  made from 5 
d i f f e r e n t  a l loys.  The aluminum a l l o y  was found t o  be the l e a s t  

r e s i s t a n t  t o  i g n i t i o n  whereas Monel 400 was found t o  be the most 

r e s i s t a n t  t o  i g n i t i o n  by p a r t i c l e  impact. These r e s u l t s  i nd i ca te  

c l e a r l y  t h a t  the Monel a l l o y  would be a much safer mater ia l  t o  use i n  a 

gaseous oxygen system o r  component t h a t  could be subjected t o  p a r t i c l e  

impact. 

The e f f e c t  o f  t e s t  chamber i n l e t  pressure on the temperature required 

f o r  i g n i t i o n  o f  316 s ta in less s tee l  using aluminum p a r t i c l e s  1600 

microns i n  diameter i s  shown i n  Figure 11. As the i n l e t  pressure was 
"t%reased, there was a corresp\onding increase i n  the v e l o c i t y  of the 

p a r t i c l e ,  thus prov id ing a greater k i n e t i c  energy t o  the p a r t i c l e .  As a 

y s u l t ,  the ta rge t  was i g n i t e d  a t  a lower temperature as  the pressure 

was increased. I n  fac t ,  the p a r t i c l e  had approximately the same k i n e t i c  

energy w m  0.5 J ,  a t  the i g n i t i o n  threshold for  each of the 

i n l e t  t e s t  pressures used i n  these tests.  
< 2 

These r e s u l t s  i nd i ca te  t h a t  oxygen systems must be designed t o  l i m i t  the 

k i n e t i c  energy o f  p a r t i c l e s  t h a t  may be entrained i n  the f lowing oxygen 

stream. Furthermore, the r e s u l t  can be used t o  es tab l i sh  temperatures, 

pressures, and f l o w  ra tes a t  which systems made from various metals and 

a l l o y s  can be sa fe l y  operated. 

6 



. .. . 
. *  

FLAME PROPAGATION TEST SYSTEMS 

Once a f i r e  has s t a r t e d  i n  an oxygen system, two questions come t o  

mind:- W i l l  t h e  f i r e  spread o r  w i l l  i t  sel f -ext inguish? And, i f  t h e  the 

f i r e  spreads, a t  what r a t e  w i l l  i t  do SO? LEMSCO engineers a t  WSTF are 

developing two t e s t  systems designed t o  prov ide data t h a t  can be used t o  
answer these and o ther  important questions. I n  t h e  f i r s t  system, metals 

and a l l o y s  are  tes ted  i n s i d e  a pressur ized chamber i n  s t a t i c  oxygen. I n  

t h e  second, pipes o r  tubes made from var ious a l l o y s  a r e  tes ted  w i t h  

oxygen f l o w i n g  through them a t  var ious temperatures, pressures, and f low 

rates.  

The s t a t i c  flame propagation t e s t  system can be used t o  determine the  

r a t e  and e x t e n t  of flame propagation of a metal o r  a l l o y  i n  oxygen a t  

pressures up t o  69 MPa (10,000 ps i ) .  The t e s t  chamber (F igure 12) 
comprises a base and a top  made from 316 s t a i n l e s s  s t e e l  and has a 

volume o f  approximately 740 cm3 (45 in").  The base has several  

e l e c t r i c a l  feedthroughs fo r  i g n i t e r  wires and thermocouples. The top 

has p o r t s  f o r  connection t o  the oxygen supply and vent systems and three 

view p o r t s  through which the l i g h t  from the burn ing t e s t  sample passes 

dur ing  a t e s t .  The chamber i s  protected from burn ing by a copper i n s e r t  

and.baseplate. The t e s t  sample, a r o d  0.3 cm (1/8 inch)  i n  diameter i s  

mounted v e r t i c a l l y  i n  the  chamber w i t h  t h e  i g n i t e r  placed near the 

bottom o r  near the top  o f  the  sample, depending on whether an  upward o r  

downward propagat ion t e s t  i s  t o  be performed. The i g n i t e r ,  a t h i c k -  

walled, ho l low c y l i n d e r  made of aluminum, i s  heated t o  i t s  i g n i t i o n  

p o i n t  us ing a nichrorne heat ing w i r e .  

2 

Ir*% 

P r i o r  t o  running a t e s t ,  the  t e s t  sample i s  cleaned and i n s t a l l e d  i n  the 

t e s t  chamber. The chamber i s  then purged and f i l l e d  w i t h  99.9% pure 

oxygen and the  t e s t  pressure i s  establ ished. Power i s  app l ied  t o  the 

i g n i t e r  heat ing  wire.  The i y i t e r  burns and t h e  f i r e  propagates t o  the 

t e s t  sample. As  the  f i r e  propagates along the sample, the flame f ron t  

passes by the view p o r t s  causing a l a r g e  amount o f  l i g h t  t o  f a l l  on the 

thermopi les loca ted  outs ide each port.  Since the  view p o r t s  a re  2.5 cm 

(1  inch)  apart ,  these data can be used t o  c a l c u l a t e  the  f l a m e  

propagat ion r a t e .  

7 
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Engineers a t  WSTF have used t h i s  t e s t  system t o  determine the  

propagat ion r a t e  o f  several meta ls  and a l l o y s  i n  oxygen a t  var ious 

pressut-es rl]. Figure 13 gives resu l t s  showing the  ef fects  of pressure 

on the  flame propagation ra tes  of 0 . 3  cm (1/8 i nch)  diameter samples 

made o f  s i x  a l l o y s .  I t  was found tha t  t he  propagation r a t e  increased as 

the  pressure was increased f o r  each o f  the a l l o y s  t h a t  burned. None1 
400 burned o n l y  p a r t i a l l y  a t  pressures up t o  55 MPa (8,000 ps i !  and 

copper 102 and n i c k e l  200 d i d  no t  i g n i t e  a t  t he  same t e s t  pressures. 

These d a t a  can be used by engineers t o  determine how q u i c k l y  a f i r e  may 
spread i n s i d e  a pressur ized oxygen system made from these a l l oys .  

This  system i s  a l so  of p a r t i c u l a r  i n t e r e s t  t o  s c i e n t i s t s  who want t o  

study combustion. A second chamber top  has been made t h a t  has a view 

p o r t  5 cm ( 2  inch)  i n  diameter through which h igh  speed photographs of 

t he  burn ing  t e s t  sample can be taken. Obta in ing a v i s u a l  record  c f  the  

hurn ing  event proves t o  he very he lp fu l  i n  understanding and p r e d i c t i n g  

the  behavior o f  burn ing metals and a l l oys .  I n  con junc t ion  w i t h  the  

U n i v e r s i t y  o f  C a l i f o r n i a  a t  Santa Rarbara, WSTF s c i e n t i s t s  are 

developing an a n a l y t i c a l  model of flame propagation i n  metals and a l l o y s  

r81. The model, along w i t h  the data obtained from the  t e s t  system, can 

i n  t u r n  be used by engineers as a t o o l  t o  a i d  them i n  des ign ing safer 

oxygen systems. 

- c 

The second o f  the  two flame propagation t e s t  systems heing developed car! 

be used t o  determine the  c h a r a c t e r i s t i c s  of flame propagation i n  a p ipe  

o r  tube t h a t  i s  pressur ized w i t h  f l ow ing  oxygen. Th is  t e s t  simulates 

the cond i t i ons  t h a t  occur when a f i r e  burns through the  w a l l  of a p ipe  

o r  a tube, ven t ing  the  oxygen i t  contains t o  the atmosphere. W i l l  t he  

flame propagate a long the  p ipe? I f  so, how f a s t  w i l l  i t  propagate? 

What i s  t he  e f f e c t  o f  t h e  f l ow  r a t e  and pressure o f  t he  oxygen on the  

flame propagation? Whilt i s  t he  e f f e c t  of t he  thickness of the  w a l l  of 

the  p ipe  or t he  c o n f i g u r a t i o n  of t he  plumbing system on flame 

propagation? These questions and more can be answered us ing  t h i s  t e s t  

system. The system comprises an oxygen source - the WSTF gaseous oxygen 

h igh  f l o w  t e s t  f a c i l i t y  - the p ipe  o r  tube being tested, an i g n i t e r ,  and 

h igh  speed v ideo and f i l m  equipment. 
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LEMSCO engineers have used t h i s  t e s t  system t o  determine the  maximum 

f l o w  r a t e  o f  oxygen i n  3/4 x ,109 in. p ipe  against  which a flame w i l l  
propagate. Pipe made of 304 s ta in less  s t e e l  was tes ted  and i t  was found 

t h a t  a t  f l o w  ra tes  above 0.14 kg/s (0.3 lbm/s) the  flame would no t  

propagate upstream, against  the  flow of oxygen. 

APPLICATION OF TEST RESULTS 

Though s t i l l  i n  the  developmental stages, these t e s t  systems have 

a l ready been used successfu l ly  i n  t e s t  programs fo r  a v a r i e t y  o f  

customers. As mentioned e a r l i e r ,  NASA used the  p a r t i c l e  impact t e s t  

system i n  a study t o  determine if an oxygen f l o w  con t ro l  va lve cou ld  

wi thstand the impact of aluminum p a r t i c l e s .  The va lve i g n i t e d  and 

burned. As a r e s u l t  of f u r the r  t e s t i n g  done a t  WSTF, new mater ia ls  t h a t  

were more r e s i s t a n t  t o  i g n i t i o n  by p a r t i c l e  impactfiere chosen fo r  use 

i n  the  valve. NASA's Lewis Research Center i s  sponsoring t e s t  programs 
a t  VSTF t o  ob ta in  data t o  a i d  i n  the  design of advanced concept 

p ropu ls ion  systems fo r  the OTV. Tests have been performed us ing the  

f r i c t i o n a l  heat ing and p a r t i c l e  impact t e s t  systems t o  develop a data 

base on ma te r ia l s  t h a t  may be used i n  those engines r91. F r i c t i o n a l  

heat ing  t e s t s  have been performed i n  l i q u i d  oxyaen ( L O p )  t o  evaluate 

seal. ma te r ia l s  f o r  use i n  LO2 turbopumps i n  the OTV engines. 

The American Society o f  Test ing and F a t e r i a l s  i n  a j o i n t  e f f o r t  w i t h  the  

Compressed Gas Associat ion i s  sponsoring a t e s t  program t o  develop a 

data base f o r  metals and a l l o y s  used i n  i n d u s t r i a l  oxygen systems. 

F r i c t i o n a l  heating, p a r t i c l e  impact, and flame propagation t e s t s  w i l l  be 

performed on several metals and a l l oys  t o  determine t h e i r  s u i t a b i l i t y  

for  use i n  oxygen. NASA headauarters i s  making an e f f o r t  t o  es tab l i sh  a 

c r i t e r i o n  o f  a c c e p t a b i l i t y  fo r  the  use of metals and a l l o y s  i n  oxygen 

systems based on these t e s t  systems. The c r i t e r i o n  of a c c e p t a b i l i t y  and 

descr ip t ions  o f  the requ i red  tes ts  cou ld  he inc luded i n  the age&es-' n enc 

document NHB 8060.1 r31, which establ ishes the  terms o f  a c c e p t a b i l i t y  o f  

a p a r t i c u l a r  mater ia l  p r i o r  t o  i t s  use i n  manned space vehic les.  

1 i 
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Jus t  as the  t e s t  systems are being used t o  make important con t r i bu t i ons  

t o  engineering, they w i l l  a l so  be used t o  c o n t r i b u t e  s i g n i f i c a n t l y  t o  

s c i e n t q f i c  research regarding the combustion of metals and a l l oys .  

Because o f  t h e i r  design, they can be used as  t o o l s  fo r  understanding the 

theor ies  o f  the i g n i t i o n  and burning o f  metals and a l loys .  As a more 

complete t h e o r e t i c a l  understanding i s  obtained, advances i n  the  s t a t e  of 

the  a r t  o f  metals and a l l o y s  used i n  oxygen systems w i l l  be made. 

LEMSCO s c i e n t i s t s  are confident"that the t e s t  systems w i l l  be used t o  

provide data t h a t  w i l l  a i d  i n  the development of new a l l o y s  and surface 

treatments f o r  metals and a l loys .  These improved, more burn- res is tan t  

metals and a l l o y s  w i l l  be used safely i n  the i nc reas ina l y  severe oxygen 
environments sure t o  be required i n  the  fu tu re .  

NEW TOOLS FOR ENGIFEERS AND SCIENTISTS 

Clear ly,  then, there  i s  a great need fo r  tes, systems tha-  can be used 

t o  determine the  s u i t a b i l i t y  o f  metals and a l l o y s  for  use i n  oxygen 

systems. LEMSCO engineers and s c i e n t i s t s  a t  W S A ' s  White Sands Test 

F a c i l i t y  a re  developing t e s t  systems t h a t  meet t h i s  need. The t e s t  

systems being developed have been used i n  t e s t  programs t o  provide data 

t o  eygineers t h a t  enable them t o  design and b u i l d  safer oxygen systems. 

Furthermore, they are being used by s c i e n t i s t s  t o  ob ta in  a more complete 

uvderstanding o f  the i g n i t i o n  and burning o f  metals and a l l oys .  Pnd 

f i n a l l y ,  the  t e s t  systems are ava i lab le  f o r  use by both government and 

i n d u s t r i a l  users t o  provide data t o  answer questions and solve problems 

t h a t  w i l l  a r i s e  i n  the future regarding the  safe use of metals and 

a l l o y s  i n  oxygen systems. 
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L i s t  o f  T i t l e s  For Figures 

F i g u r e  1. Ti tan ium a l l o y  burns r e a d i l y  i n  100% oxygen a t  8 psia. 
V e r t i c a l l y  mounted 1/8-inch diameter rod i s  i g n i t e d  a t  t h e  
t o p  and burns downward. 

F igure 2. Th is  Space S h u t t l e  ex t raveh icu la r  m o b i l i t y  u n i t  was 
destroyed i n  a f l a s h  f i r e  a t  NASA's Johnson Space Center i n  
A p r i l  o f  1980. 

F igure 3. Th is  s t a i n l e s s  s t e e l  r e l i e f  va lve  was operat ing under normal 
cond i t ions  i n  an oxygen system a t  66 MPa (9600 p s i )  when i t  
i g n i t e d .  

F igure 4. I n  t h e  f r i c t i o n a l  heat ing t e s t  system, one t e s t  sample i s  
mounted on t h e  r o t a t i n g  shaft  and t h e  other  i s  at tached t o  
the  t e s t  chamber. A 15 H.P. d r i v e  motor and transmission 
assembly (see i n s e t )  powers the  s h a f t  and the normal load  i s  
app l ied  t o  t h e  t e s t  samples us ing  a pneumatic cy l inder .  

F igure 5. Power i n p u t  per  u n i t  area requ i red  for  i g n i t i o n  of metals 
and a l l o y s  a t  6.9 MPa (1000 p s i )  i n  the  f r i c t i o n a l  heat ing 
t e s t .  

F igure 6. As oxygen pressure i s  increased above 1.7 MPa (250 p s i )  the 
power i n p u t  requ i red  f o r  i g n i t i o n  o f  Monel 400, s t a i n l e s s  
s t e e l  316, and carbon s tee l  1015 i s  increased. 

Figure 7. Pre tes t  and p o s t t e s t  views of a va lve t h a t  burned as a -- ~ 

r e s u l t  of p a r t i c l e  impact. 
burn- res is tan t  m a t e r i a l s  as a r e s u l t  of these tes ts .  

I n  t h e  superson$c p a r t i c l e  impact t e s t e r  a s i n g l e  p a r t i c l e  
i s  i n j e c t e d  i n t o  f low ing  gaseous oxygen and i s  accelerated 
t o  h igh  v e l o c i t i e s  as i t  passes through the o r i f i c e  t h r o a t  
and d i v e r g i n g  nozzle. The p a r t i c l e  burns when i t  h i t s  the 
t a r g e t  and, i f  the  cond i t ions  a r e  r i g h t ,  the t a r g e t  w i l l  
i g n i t e  and burn. 

The va lve was made us ing more 

F igure 8. 

F igure 9. Many p a r t i c l e s  may he i n j e c t e d  simultaneously us ing the  
subsonic p a r t i c l e  impact tes te rs .  The p a r t i c l e s  are 
en t ra ined i n  the f low ing  oxygen and are impacted aga ins t  the  
t a r g e t  which i s  made from the  mater ia l  being tested. 

F igure 10. Copper and n i c k e l  bearina a l l o y s  are  most r e s i s t a n t  t o  
i g n i t i o n  by p a r t i c l e  impact w h i l e  a l l o y s  t h a t  are h igh  i n  
i r o n  content a re  more e a s i l y  i g n i t e d  and burned. 
metals and a l l o y s  tested, aluminum was the  l e a s t  r e s i s t a n t  
t o  i g n i t i o n .  

O f  the  

F igure 11. The i g n i t i o n  and burning o f  316 s t a i n l e s s  s t e e l  when 
impacted w i t h  an aluminum p a r t i c l e  1/16 inch  i n  diameter was 
found t o  occur a t  2 constant k i n e t i c  energy l e v e l .  



L i s t  o f  T i t l e s  For Figures (Continued) 

Figurep12. I n  the  s t a t i c  f lame propagation t e s t  the sample i s  mounted 
v e r t i c a l l y  and i g n i t e d  a t  the bottom. 
detected as i t  passes the thermopi le po r t s  and the  data from 
the thermopiles a re  used t o  c a l c u l a t e  propagation rate.  

The flame f r o n t  i s  

F igure 13. As oxygen pressure is increased the  f lame propagation r a t e  
a l so  increases. 
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